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S| Figure 1: Target quality and affinity of binding clones. (a) Coomassie stained
SDS-PAGE gel of 15 uL purified SH2 SFK domains at 15 uM concentration. All
SFK SH2 domains have a calculated molecular weight of 13-14 kDa. These
SH2 domains have been cleaved by TEV-protease and hence do not contain
the 6xHis-Avi tags any more. A sequences alignment of all SFK SH2 domains
used on this study is shown in Sl Fig. 8. (b) Binding measurements by yeast
surface display of representative monobodies used on this study. The mean
fluorescence intensities of yeast cells displaying a monobody are plotted as a
function of the concentration of the target. The errors indicated are the standard
deviations from curve fitting of the 1:1 binding model. The derived Ky values
from these graphs are reported in Fig. 1. Binding curves of monobody
displaying yeast cells at different concentrations for their on-target and (c)
monobody displaying yeast cell binding to other (off-target) Src family kinases
SH2 domains.
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S| Figure 2: Isothermal titration calorimetry of monobody/SH2 interactions
(upper panels) and fitted isotherms data of integrated peaks (lower panel) are
shown for representative experiments. Labels show titration direction (first
named in syringe and second in cell) and thermodynamic data of the fit
generated by the MicroCal evaluation software. (a) Mb(Lck _3) (140 pM) titrated
to Yes SH2 domain (15 uM), (b) Mb(Lck_3) (150 uM) titrated to Fyn SH2
domain (15 pM), (c) Mb(Yes_1) (400 uM) titrated to Lck SH2 domain (40 uM),
(d) Hck SH2 domain (95 uM) titrated to Mb(Lck_3) (10 uM), (e) Fyn SH2 (176
uM) titrated to Mb(Lck_1) (17 uM). All experiments have been conducted at
25°C.
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S| Figure 3: Fluorescence polarization assay of SFK SH2 domains and FITC-
labeled pYEEI peptide. 250 nM (final concentration) of the pYEEI peptide were
mixed with the indicated concentrations of recombinant SH2 domain of all eight
Src family kinases as well as the mutant SRC-S78P/Q81T/N83P (see Fig. 7) to
measure binding. All K4 values are shown in the graphs and have been fitted
based on a 1:1 binding model (one-site specific binding, Prism).
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Sl Figure 4: Inhibition of pYEEI peptide/SH2 interaction by monobodies in a
fluorescence polarization assay. The graph shows relative pYEEI peptide
binding (in %) to the SH2 domains (2.5 yM) in the presence of the indicated
monobody (in 5-fold excess, i.e. 12.5 yM). In the lower right panel, a designed
monobody, which is a chimeric variant of Mb(Lck_1) and Mb(Lck_3) has also
been tested. This monobody contains the FG loop of Mb(Lck 1) and the CD
loop of Mb(Lck_3). Further experiments with this chimeric monobody are shown
in Figure 7. All eight SH2 domains have been measured without (see Fig. S3)
and in the presence of the monobody selected for the respective on-target (see
Fig. 4 a-b). The pYEEI peptide in isolation and SH2/pYEEI complex were set to
0% and 100% binding, respectively. Accordingly the reduction in binding
observed with a monobody is expressed as a percentage of relative binding.
Each datapoint corresponds to the average of at least two repeats +/- SD.
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S| Figure 5: Mb(Lck_3) blocks the binding of Lck SH2 domain to interactors in
cell lysates. (a) 10% fraction of beads after SH2 pull-down, separated by
SDS/PAGE and visualized with silver staining. (b-d) SFK SH2 domain targeting
monobodies bind their main target in cells. (b) Immunoblot analysis of TAP of
Mb(Lck_1) and Mb(Lck _3) monobody complexes from Jurkat cells (see Fig. 5d).
TE, total extract; SN1, supernatant IgG beads; TEV, eluate after TEV cleavage;
SN2, supernatant streptavidin beads; E1, eluate from streptavidin beads; BB,
boiled streptavidin beads to control the efficiency of elution. The bait protein as
well as the main target of the monobodies were identified by immunoblotting
using an anti-Myc or Lck antibody, respectively. (c) Immunoblot analysis of
(Mb(Lck_1) and Mb(Lck_3) monobody from K562 (Abbreviations as in (a)). (d)
Immunoblot analysis of TAP of Mb(Src_2), Mb(Yes 1) and Mb(Yes_3)
monobody complexes from K562 cells (see Fig. 5¢). The bait protein as well as
the main target Yes were identified by immunoblotting using an anti-Myc or Yes
antibody, respectively.
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S| Figure 6: Monobody/SH2 — Structures. (a) Detailed view of Mb(Yes 1)
binding to Yes SH2 domains showing the residues of the monobody FG loop
involved to block the pY pocket of the SH2 domain (presented as blue sticks). A
sulphate that was found in the pY pocket is shown as spheres. Hydrogen bonds
are depicted as yellow dashed lines. (b) Overview of Mb(Lck 1) compared to
Mb(Lck_3) binding to the Lck SH2 domain (overlay, top picture). The close-up
shows the diversified residues of the monobody CD loops (presented as sticks)
for Mb(Lck_1) (green, middle panel) and for Mb(Lck_3) (orange, lower panel)
binding to the +3 specificity pocket of the Lck SH2 domain.
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S| Figure 7: Structures of monobodies targeting different SH2 domains. Seven
individual co-crystal structures of monobodies targeting SH2 domains (three
structures reported in this study and four from previous studies) as well as the
pYEEI peptide/Lck complex are shown. The SH2 domains are depicted in white
whereas the monobodies and the pYEEI peptide are shown in different colors.
The model in the center is a superimposition of all structures aligned to one
SH2 domain. PDB entries used were: 3K2M (HA4-Abl SH2), 3UYO (SH13-Abl
SH2), 4JE4 (NSa1-Shp2 N-SH2), 4JEG (CS1-Shp2 C-SH2) and 1LKK (pYEEI
peptide-Lck SH2).
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S| Figure 8: Alignment of DNA and protein sequences of the SFK SH2
constructs used in our study. The sequences show the expressed
protein/mRNA from the pHBT vector including 6xHis tag, AviTag, TEV cleavage
site and SH2 sequence until the Stop codon. The alignment has been created
with Geneious™ using a standard color scheme of the software. Each amino
acid has a different color background in order to make sequence comparison

easier.
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S| Figure 9: Protein sequence alignment of all SFK SH2 domains used in this
study. Vertical bars mark the sequence of the FLVRES motif (with a critical Arg
residue for pY binding) and the EF-loop (contacted by the FG-loops of
Mb(Lck_1) and Mb(Lck_3); see Fig. 7). The conservation of the residues at
each position is visualized by a scale from black (high conservation) to white
(low conservation).
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S| Figure 10: Control experiments for the kinase activity assays of Fig.8. In vitro
kinase activity of Src and Hck was measured in the absence or presence of Csk
and set to 1.0. (a) Relative changes in kinase activity are shown at the indicated
concentrations of monobody HA4-Y87A. (b) Effect of monobodies Mb(Yes 1)
and Mb(Lck_3) on the relative kinase activity of the Src kinase domain (Src KD).
The preparations of the Src KD proteins used in these assays displayed robust
kinase activities with ke=60-80 min™'. Each datapoint corresponds to the
average of three repeats +/- SD.
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Supplementary Information Tables Sl 1-3

S| Table 1: Total spectrum counts of the proteins identified by mass spectrometry following
tandem affinity purification of stable K562 cell lines expressing the bait proteins Mb(Src_2),
Mb(Yes_1) or Mb(Yes_3).




Sl Table 2: Total spectrum counts of the proteins identified by mass spectrometry following
tandem affinity purification of stable Jurkat and K562 cell lines expressing the bait proteins
Mb(Lck 1) or Mb(Lck_3), 1st TAP.

Scaffold: Version: Scaffold_4.4.5

Modification Metadata Set: 1541 modifications

Source: C:\Program Files\Scaffold \parameters\unimod.xml
Comment:

Protein Grouping Strategy: Experiment-wide grouping with binary peptide-protein weights
Peptide Thresholds: 95.0% minimum

Protein Thresholds: 99.0% minimum and 2 peptides minimum
Peptide FDR: 0.1% (Decoy)

Protein FDR: 1.6% (Decoy)

GO Annotation Source(s):

Displaying:Total Spectrum Count

Identified Proteins (79) Accession Number Molecular Weight Protein Grouping Ambiguity Jurkat Mb(Lck_1) Jurkat Mb(Lck_3) K562 Mb(Lck_1) K562 Mb(Lck_3)
Tyrosine-protein kinase Lyn OS=Homo sapiens GN=LYN PE=15V=3 P07948 TRUE 1 1 53

Keratin, type Il cytoskeletal 1 0S=Homo sapiens GN=KRT1 PE=1 5V=6 P04264 66 kDa TRUE 56 31 138 6
Keratin, type | cytoskeletal 9 0S=Homo sapiens GN=KRT9 PE=1 5V=3 P35527 62kDa TRUE 6 37 91 22
ML1_Nadine_Schmit_151201 ML 18 kDa TRUE 6 4 54 31
MC2_Nadine_Schmit_151201 mc2 19kDa TRUE 5 1 49 28
Keratin, type Il cytoskeletal 2 epidermal OS=Homo sapiens GN=KRT2 PE=1 SV=2 P35908 65 kDa TRUE 33 32 95 27
Keratin, type | cytoskeletal 10 0S=Homo sapiens GN=KRT10 PE=1S P13645 59kDa TRUE 27 20 89 19
Stress-70 protein, mitochondrial OS=Homo sapiens GN=HSPA9 PE=15V=2 P38646 74kDa TRUE 0 0 a1 14
Keratin, type | cytoskeletal 14 0S=Homo sapiens GN=KRT14 PE=1SV=4 P02533 52kDa TRUE 13 [ 88 1
Talin-1 0S=Homo sapiens GN=TLN1 PE=1 5V=3 Q9490 270 kDa 4 4 12 7
Dermcidin OS=Homo sapiens GN=DCD PE=1 SV=2 P81605 (+1) 11 kDa 6 4 9 7
CUB domain-containing protein 1 0S=Homo sapiens GN=CDCP1 P QoHsV8 93kDa 4 4 31 6
Ubiquitin-405 ribosomal protein $27a (Fragment) 0S=Homo sapiens GN=RPS27A PE=1 SV=1 13QTR3 12kDa TRUE 0 1 18 B
Tubulin alpha-1C chain 0S=Homo sapiens GN=TUBA1C PE=1 SV=1 FSH5D3 (+1) 58 kbDa 7 4 9 4
Desmoplakin 0S=Homo sapiens GN=DSP PE=1 SV=3 P15924 332 kDa 6 1 6 4
Protein Shroom3 0S=Homo sapiens GN=SHROOM3 PE=1 5V=2 Q8TF72 217 kDa 3 4 3 4
Diacylglycerol kinase theta OS=Homo sapiens GN=DGKQ PE=1 SV-=: 52824 101 kDa 0 0 0 4
Heat shock cognate 71 kDa protein OS=Homo sapiens GN=HSPAS PE=1 SV=1 P11142 71kDa TRUE 1 1 54 3
Tubulin beta chain 0S=Homo sapiens GN=TUBB PE=1 V=2 P07437 50 kDa TRUE 5 2 9 3
Junction plakoglobin 0S=Homo sapiens GN=JUP PE=15\ 14923 82kDa 1 o 3 3
DNA-dependent protein kinase catalytic subunit 0S=Homo sapiens GN=PRKDC PE=1 SV=3 p78527 469 kDa 4 0 2 2
Heat shock 70 kDa protein 1A/18 0S=Homo sapiens GN=HSPA1A PE=1 SV=5 08107 ? TRUE 4 4 6 2
Fatty acid-binding protein, epidermal OS=Homo sapiens GN=FABPS PE=1 SV=3 Qo1469 15kDa 0 0 2 2
Protocadherin alpha-C1 0S=Homo sapiens GN=PCDHACI PE=2 SV=2 Q9H158 (+1) 104 kDa 4 4 0 2
Heat shock protein HSP 90-beta OS=Homo sapiens GN=HSP90AB1 PE=1 SV=4 P08238 83kDa TRUE 1 1 17 1
sarcoplasmic/endoplasmic reticulum calcium ATPase 2 (Fragment) 0S=Homo sapiens GN=ATP2A2 PE=1SV=1 H7CSW9 (+2) 103 kDa 2 0 5 1
Fatty acid synthase OS=Homo sapiens GN=FASN PE=1 SV=3 P49327 273 kDa 0 0 5 1
Cornifin-B 0S=Homo sapiens GN=SPRR1B PE=1 5V=2 22528 (+1) 10kDa 1 4 3 1
Acetyl-CoA carboxylase 1 0S=Homo sapiens GN=ACACA PE=1 V=2 Q13085 (+3) 266 kDa TRUE 0 0 2 1
Sodium/potassium-transporting ATPase subunit alpha-2 0S=Homo sapiens GN=ATP1A2 PE=1 SV=1 BIAKY9 111 kDa 5 5 0 1
Titin 0S=Homo sapiens GN=TTN PE=1SV=1 AOAQAOMTS7-DECOY (+1) ? TRUE 0 0 0 1
Keratin, type | cytoskeletal 16 0S=Homo sapiens GN=KRT16 P! P08779 51kDa TRUE 13 0 98 0

P02538 60kDa TRUE 0 0 72 [

P13647 62kDa TRUE 0 [ 55 o

Q4695 48kDa TRUE 6 0 a2 0
Keratin, type | cytoskeletal 13 0S=Homo sapiens Gi K7ERE3 (+2) 45kDa TRUE 0 0 28 0
Keratin, type Il cuticular Hb6 OS=Homo sapiens GN= 043790 53kDa TRUE 0 0 25 0
Heat shock protein HSP 90-alpha OS=Homo sapiens GN=HSPI0AA1 PE=1 SV=5 PO7900 (+1) 85kDa TRUE 1 4 23 0
78 kDa glucose-regulated protein OS=Homo sapiens GN=HSPAS PE=1 SV=2 P11021 72kDa TRUE 0 o 19 o
Keratin, type Il cytoskeletal 4 05=Homo sapiens GN=KRT4 PE=1 P19013 57kDa TRUE 0 [ 18 0
CAD protein OS=Homo sapiens GN=CAD PE=1 5\ F8VPDA (+1) 236kDa 2 0 16 0
Keratin, type Il cuticular HbS OS=Homo sapiens GN=KRT8S PE=1SV=1 P78386 56 kDa TRUE 4 4 15 0
Keratin, type Il cytoskeletal 73 0S=Homo sapiens GN=KRT73 PE=1) Q86Y46 59kDa TRUE 0 0 14 0
Heat shock 70 kDa protein 1-like OS=Homo sapiens GN=HSPALL PE=1 SV=2 P34931 70kDa TRUE 0 0 14 0
Bifunctional glutamate/proline--tRNA ligase OS=Homo sapiens GN=EPRS PE=1 V=5 PO7814 171kDa 1 o 9 o
Large proline-rich protein BAG6 OS=Homo sapiens GN=BAG6 PE=1 5V=2 PA6379 (+2) 119 kDa 0 0 8 0
Tyrosine-protein kinase Lck OS=Homo sapiens GN=LCK PE=1 V=6 P06239 (+1) 58kDa TRUE 114 109 7 0
Clathrin heavy chain OS=Homo sapiens GN=CLTC PE=1 SV=1 AOAOS7WVQE (+2) 192 kDa 0 0 7 0
Keratin, type | cuticular Hal 0S=Homo sapiens GN=KRT31 PE=1 5\ Q15323 47kDa TRUE 0 0 7 0
Keratin, type Il cytoskeletal § 0S=Homo sapiens GN=KRTS PE=1 SV=7 PO5787 (+1) 54kDa TRUE 0 0 6 0
Translational activator GCN1 0S=Homo sapiens GN=GCN1L1 PE=1 5} Q92616 293kDa 0 1 4 o
Small proline-rich protein 3 (Fragment) OS=Homo sapiens GN=SPRR3 PE=1 SV=5 BIANAS (+1) 17kDa 0 0 3 o
Vimentin 0S=Homo sapiens GN=VIM PE=1 5V=1 BOYICA (+1) 50kDa TRUE 0 0 3 0
Rho guanine nucleotide exchange factor 2 05=Homo sapiens GN=ARHGEF2 P! Q92974 (+3) 112 kDa 0 0 3 0
Leucine-rich PPR motif-containing protein, mitochondrial 05=Homo sapiens GN=LRPPRC PE=1 V=3 P42704 158 kDa 0 0 3 0
Hornerin OS=Homo sapiens GN=HRNR PE=1 S\ Q86vz3 282 kDa 1 3 2 0
Serum albumin OS=Homo sapiens GN=ALB PE=1 SV=1 /AOAOCADGBS (+4) 69kDa 2 0 2 0
Exportin-2 05=Homo sapiens GN=CSE1L PE=1 5V=3 P55060 (+2) 110kDa 1 0 2 0
Nucleolin OS=Homo sapiens GN=NCL PE=1 5V=3 19338 77kDa 0 [ 2 0
Trifunctional enzyme subunit alpha, mitochondrial OS=Homo sapiens GN=HADHA PE=1 5V=2 40939 83kDa 0 0 2 0
405 ribosomal protein 53 0S=Homo sapiens GN=RPS3 PE=1 SV: E9PLO (+3) 25kDa 0 0 2 0
Desmoglein-1 0S=Homo sapiens GN=DSG1 PE=1 SV=2 Q02413 114 kDa 0 0 2 0
Probable helicase with zinc finger domain OS=Homo sapiens GN=HELZ PE=1 SV=1 130541 (+1) 219kDa 0 0 2 0
Plakophilin-1 0S=Homo sapiens GN=PKP1 PE=1 SV=1 AOAOB7WYY6 (+1) 81kDa 0 o 2 0
Transcription intermediary factor 1-beta 0S=Homo sapiens GN=TRIM28 P! Q13263 (+1) 89kDa 0 3 1 0

Q9BXW9 164 kDa 1 2 1 0

Q72627 (+2) 482 kDa 4 0 1 0
Apoptosis-inducing factor 1, mitochondrial OS=Homo sapiens GN=AIFM1 PE=1 SV=1 095831 (+1) 67kDa 0 0 1 0
Filaggrin-2 0S=Homo sapiens GN=FLG2 PE=1 SV=1 QsD862 248kDa 0 0 1 0
Elongation factor 2 05=Homo sapiens GN=EEF2 PE=1 SV=4 P13639 95 kDa 0 o 1 0
Probable ATP-dependent RNA helicase DDX5 0S=Homo sapiens GN=DDXS PE=15V=1 J3KTAG (+2) 69kDa 0 0 1 0
ATP-dependent RNA helicase DDX3X 0S=Homo sapiens GN=DDX3X PE=4 SV=1 AOAODISF53 (+4) 81kDa 0 0 1 0
Protein unc-119 homolog A 0S=Homo sapiens GN=UNC119 PE=1 SV=1 Q13432 27kDa 7 10 0 o
E3 ubiquitin-protein ligase CBL OS=Homo sapiens GN=CBL PE=1 22681 100 kDa TRUE 0 8 0 0
T-complex protein 1 subunit delta OS=Homo sapiens GN=CCT4 PE=1SV=4 P50991 (+1) 58 kDa 1 4 0 0
Protein unc-119 homolog B 0S=Homo sapiens GN=UNC1198 PE=1 SV=1 AGNIH7 28kDa 0 4 0 o
Sister chromatid cohesion protein PDSS homolog A 0S=Homo sapiens GN= PDSSA PE=15V=1 Q29RF7 151kDa 0 4 [ o
60 kDa heat shock protein, mitochondrial 0S=Homo sapiens GN=HSPD1 P 10809 61kDa 0 1 [ 0
Doublecortin domain-containing protein 1 0S=Homo sapiens GN=DCDC1 PE= ASV 1 MOR2J8 201kDa 1 4 0 0



S| Table 3: Total spectrum counts of the proteins identified by mass spectrometry following
tandem affinity purification of stable Jurkat and K562 cell lines expressing the bait proteins
Mb(Lck_1) or Mb(Lck_3), 2nd TAP.




